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Abstract 
This paper presents a practical multicast routing, which dynamically transforms a conventional multicast tree into a 
multicast mesh and increases the opportunities for coding by applying double direction network coding scheme. The 
simulation shows the proposed algorithm is a practical multicast routing, and it has better performances by comparing 
with ODMRP and MORE-M in terms of coding gain and packet delivery ratio. 
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1. Main text  
Wireless Multicast is a mechanism that delivers information from one source to a set of destinations 
simultaneously in an efficient manner.  It is widely used in many group-oriented applications including 
disaster management, battlefields, audio/video conferencing, e-commerce, e-education, etc.  These 
applications demand efficient and reliable multicast routes under different wireless network environment, 
and reliable multicast requires that every receiver receives the correct information sent by the source.  
Early efforts in multicast routing in a wireless ad-hoc  network were to adapt traditional tree-based 
algorithms such as MAODV[1], AMRoute [2], and AMRIS [3].  However, this class of protocols does not 
perform well for the mobility of nodes.  Another category of protocols including ODMRP [4] and CAMP [5]
was designed to build routing meshes rather than routing trees.  There are several paths between a source 
and a receiver in a routing mesh. When nodes move, one of the paths between a source and a receiver may 
break, but duplicate copies of a packet are still able to be delivered to the destination via alternate paths. 
This would result in better packet delivery ratios than tree-based algorithms. So ODMRP suffers only 
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minimal data packets loss, and has low channel and storage overhead because of it on-demand nature and 
multi-paths available. However, its sender-initiated mesh construction method results in larger mesh and 
numerous unnecessary transmissions of data packets compared to a receiver-initiated mesh construction 
approach. ODMRP with multi-point relay (ODMRP-MPR)[6] reduces the packet over- head using multi-
point relay nodes. The multi-point relay nodes minimize the broadcast overhead by reducing duplicated 
packet forwarding, which brings high scalability and effectively solves the unidirectional link problem of 
wireless communication. 
Network coding is a technique that successfully increases transmission capacity of a network by 
mixing together data from different sources and broadcasting the coded data.  Since proposed by 
Ahlswede et al. [7], Network Coding has seen the application in areas of routing, security as well as error 
recovery and failure resilience.  For the problem of multicast under wireless network environment, using 
network coding at the intermediate nodes can achieve the network capacity. Recently, network coding in 
wired networks with stable topologies has been concerned extensively, but the research and application of 
network coding in wireless networks are still in the primary stage. COPE[8] is the first practical 
implementation of network coding to achieve higher throughput in multi-hop wireless networks unicast 
routing,  while in COPE, the paths of flows are decided by the routing protocol, which means the packets 
goes through a fixed route, and this might lead to no coding opportunities.  To solve this problem, several 
opportunistic routing algorithms [ExOR [9], MORE [10], BEND [11]] have been proposed.  Unlike traditional 
routing chooses the next hop before transmitting a packet, ExOR uses an opportunistic routing to allow 
any node that overhears the transmission and is closer to the destination to forward the packet. However, 
ExOR also introduces some difficult challenge. It mixes the MAC and the routing to prevent multiple 
nodes, which may hear a packet broadcast from unnecessarily forwarding the same packet.  Szymon 
Chachulski et al. presented a MAC-independent opportunistic routing protocol in MORE, which randomly 
mixes packets before forwarding them.  The highlight of MORE is that it needs no special scheduler to 
coordinate routers, and it runs directly on the top of 802.11 MAC protocol.  While in MORE, packets 
from the same source are divided into batches, and only the packets in the same batch can be coded 
together, this means only the packets form the same source can be coded together, as a result, this will 
lose some opportunities of coding.  BEND combines the features of network coding and opportunistic 
forwarding in 802.11-based mesh networks to create more coding opportunities in the network.  While the 
coding opportunistic position lies in the nodes or its neighbors on route, which prevent the forwarder from 
fully exploiting spatial reuse, and the packets in the same flow direction cannot  be coded in BEND.   
 In this paper, we propose a mesh-based wireless multicast opportunistic routing with double direction 
network coding. Where we keep the packet sender combine the packets randomly in a local area along the 
route, create more coding opportunities by introducing double direction coding and dynamically transform 
a conventional multicast tree into a multicast mesh. 
2. Design of Mesh-based Wireless Multicast Opportunistic Routing 
2.1. Network Model 
The topology of the wireless network is modeled as a directed hyper graph ( , )G V E= . V  is the set of 
nodes, and E  is the set of hyper arcs.  Each node in the network can be a source or destination of traffic.  
A hyper arc is a pair ( , )I J , where I , the start node, is an element of V , and J , the set of end nodes, is a 
nonempty subset of V . Each hyper arc ( , )I J represents a broadcast link from node I to nodes in J , which 
indicates that a packet transmitted by node I  may be received by nodes in J  due to the broadcast nature 
of the wireless channel. For node I , let ( )In I  denote the set of incoming channels to I  and ( )Out I  the set 
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of outgoing channels.  A set of unicast sessions flow { }1,..., nS s s=    is transmitted through the network.  
There are n  commodities in the network corresponding to each unicast session. 
2.2. Dynamic Mesh Forming.  
In ODMRP, The multicast mesh nodes are formed by using two types of control packet: Join Query 
and Join Reply.  Whenever a multicast group member desires to send packets to other members, the 
request phase begins. In the request phase, the source broadcasts a packet called JOIN REQUEST 
periodically to the entire network that acts as member advertising packet.  Different from the ODMRP, in 
this proposed Mesh-based Wireless Multicast Opportunistic Routing, the multicast mesh is formed 
automatically, where the broadcast nature of the wireless signaling is used.  Before sending packets, the 
source constructs a multicast tree from the source to all its multicast receivers according to the 
conventional multicast routing algorithm, which is a shortest-ETX tree. The routing metric is expected 
transmission count, descried as following: 
         
1
1
EXT
d
= −                                                                          (1) 
1 (1 )(1 )f rd d d= − − −                                                                 (2) 
Where d , fd  and rd  refer to over-all packet loss rate, data packet loss rate and acknowledge packet 
loss rate.  
When a node transmits the packets, there is a chance for the node closer than the next hop to the 
destination overhears the packets, and there is also a chance for the destination overhears the packets from 
the nodes which are not so closer to the destination.  In this proposed scheme, all nodes in the original 
multicast tree and their neighbor nodes can act as forwarders, and they are not necessary to be the next 
hop of the sender for forwarding packets because of the spatial reuse.  Once a node overhears a packet 
from a multicast tree, and finds it has a better EXT than the next hop of the sender, it adds itself to the 
multicast group.  Thus, the original multicast tree transforms into a multicast mesh structure, and this 
multicast mesh is dynamic.   
2.3.  Double Direction Network Coding and Decoding 
The flow of the scheme is shown in Fig.1. 
 Firstly, the source node A builds up a shortest-ETX multicast tree according to the conventional 
multicast routing algorithm. M packets are originated and divided into several batches at a source node A. 
a packet ip   from the first batch is in the form of a k-dimensional row vector.  This k-dimensional linear
network code consists of a scalar ,i jL  for every hyper arc pair ( , )i j  and the symbols .i dp f ,.  So the 
source randomly sends a coded packet via the linear formula. 
, ( . )j i j i d
i
p L p f=∑                                              (3)
Where 
1..., ,...,j j ji jkL l l l=  is the code vector of the packet, which describes how to generate the coded 
packet from the native packets and how to decode by the destination node when receive all the k
corresponding linear coded packets.  
Secondly, when a node b hears a packet, it checks whether the received coded packet contains any new 
information, or technically, whether the packet is linear independent from the packets the node has 
previously received from this batch and EXTb>EXTnexthop ,  if so, the node adds the this node to the 
multicast group to form a new multicast mesh and add to the message head.  And then the node applies a 
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random linear combination to the received coded packet with a packet it has heard from the same batch 
and broadcasts it.     
Packets spread along the giving 
shortest-ETX multicast tree
If  the neighbor nodes hear 
a packet,  EXTb>EXTnexthop,
and there are some coding 
opportunities. 
No
Add this nodes to the multicast 
group to form a mesh.
linear code packets from the same 
batch with the code vector and 
broadcast the coded packets
Yes
If a. The next-hop receiver of p1 is 
p2’s previous forwarder or one of its 
neighbors.
b. The next-hop receiver of p2 is p1’s
previous forwarder or one of its 
neighbors.
combine two packets from different 
batches in different flow directions 
by applying a simple XOR 
⊕operation and broadcast it
Yes
M packetes  are 
originated  and   divided 
into  several batches at a 
source node A. Node A
builds up a shortest-ETX 
multicast tree  
No
Directly deliver 
packets to next 
Node along the 
multicast tree
decoded the batch of packets 
If  the receiver is 
destination?
Yes
No
Decode the Inter-flow 
coded packet
Fig.1. Flow Chart of the Proposed Routing 
It can easily proved this linear combination of coded packets is also a linear combination of native 
packets: 
,' ( . )j i j i d
i
p L p f=∑
                                                                         (4) 
Where ip  is the native packet, and jp is the heard coded packet 
Then                                              
' ( . ) ( . ) ( )( . )j j ji d j ji i d j j i d
j j i i j
p r p f r p f r p fα α= = =∑ ∑ ∑ ∑ ∑
                                     (5) 
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Where  1..., ,...,j j ji jkr r r r= is the code vector of coded packet 'jp . We thus prove that it is a linear 
combination of native packets. 
After that, the node can further combine two packets from different batches in different flow directions 
by applying a simple exclusive OR operation,  and the decoding of this packet will be done in the next 
hope by simply apply applies the same exclusive OR operation again. 
Finally, when a node receives a packet, it checks if it is the destination.  It will keep waiting until it 
receives all the K linear independent packets, and then decoded the batch of packets by using the matrix 
inversion of the Code Vector. 
3. Simulation and Analysis 
We implement the proposed routing by modifying and developing the traditional routing module.  We 
compare it with traditional mesh multicast routing ODMRP, and simulated MORE-M according to the 
packet delivery ratio and coding gain. The simulated environment consists of 100 wireless nodes placed 
randomly in a 1200×800 m2 area with a maximum node speed of 20m/s. The radio propagation range is 
250m, and the channel capacity is 2Mbps. 
Fig 2 shows coding gain of the proposed routing and simulated MORE-M under different multicast 
group sizes.  The coding gain refers to the ratio of the number of transmissions required by the traditional 
best routing with no-coding approach, to the minimum number of transmissions used by the proposed 
routing to deliver the same set of packets. By definition, this number is greater than or equal to 1.  As the 
multicast group size increases, the coding gains of both schemes are increased.  This is because  more 
group members bring more opportunistic coding for them.  When the group size is larger than 10, the 
proposed routing acquires more coding opportunities than MORE-M by using the double direction coding.  
This makes it more likely for the proposed algorithm to transmit more packets at a time, and have more 
chances to combine packets form the same flow and from different flows. 
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Fig. 2. Coding gain of different algorithms.            Fig. 3. Packet delivery ratio of different algorithms 
Fig 3 compares the packet delivery ratio of the proposed algorithm with ODMRP and MORE-M.   The 
delivery ratio presents the ratio of the number of packets received by multicast receivers versus the 
number of data packets supposed to be received. The corresponding value shows the effectiveness of the 
protocol in handling the traffic and delivering the data to the intended multicast receivers. For all kinds of 
traffic load, all schemes performance is affected by the increasing traffic load.  The proposed mesh-based 
multicast routing and ODMRP have the better packet delivery ratio than MOER-M.  Because both  are 
using a mesh multicast structure, which can bring the alternative route for the packets to deliver.  In low 
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traffic load, the proposed routing is comparable with ODMRP.  As the traffic load increases, the packet 
delivery ratio of ODMRP drops faster than the proposed routing.  The dynamic mesh structure enables the 
proposed routing to adapt to the high-traffic  load and suffer only minimal data loss.   
4. Conclusions 
In this paper, we proposed a practical mesh-based multicast routing with double direction network 
coding.  The proposed algorithm utilizes the broadcasting nature of wireless signaling to create coding 
opportunities for the wireless network.  It increases the packet delivery ratio by building a dynamic 
multicast mesh structure, where nodes are allowed to add to the multicast group if it has better 
opportunity to transmit the packets. The proposed algorithm also introduces double direction network 
coding to improve the ability of transmission. Packets from the same flow and from different flows can 
code and decode in a different way. The simulation was performed to prove the effectiveness of the 
proposed method under various traffic load and multicast group sizes.  The proposed routing outperforms 
other routing protocols with respect to the packet delivery ratio and the coding gain. 
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